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(57) Abstract: Optically active alcohols are produced by adding a ruthenium com- 
plex represented by the following formula (I), RuCl[(S,S)-Tsdpen](p-cymene), and 
a ketone to a polar solvent and mixing the resulting system in the presence of pres- 
surized hydrogen to hydrogenate the ketone. 

(57) K*?J: TfE5fc-e*£;ft<5;U^ — O Afgf*RuCl[(S,S)-Tsdpen](p-cymene) 



WO 2005/092825 



1 



PCT/JP2004/004422 



mmm 



yt # m 7 )v n - )v o m & 



5 mtkizm-?& a 



citi£T, &m&fc&Mmh?zy£¥tg&7)i>n-A<D&&ii)m*m 

MfctoT* 2003-10499 3^«fc», MtlTB I N 

AP (2, 2' -tfX (^7x^;i/*X7^y) -1, 1' 

*T*ft*£;&n;*.5 £ 2 -yn/N°y — h >"fcfr#/£ 

zRsHHb b T^?£f£ 7 )Vu— )]/& Um. b &09 $tm^ 0 
JMfcWfcf*. Tirh^o:y>, 4 - 7tf Jl/Slf f XfJV, 3-/^ 

20 ti¥ 11-322649 -ff&fRfclfcj:, MiiLTt*±(a 

)ljru*^)\s7± b7x.J >&7&mikhXltifo'TZ>yt^m\'£7 )Vn-)V 
25 &IIbfcMm^nt^5, 

#H 2003-104993 fH« $ tlfcftfe^ 



WO 2005/092825 



PCT/JP2004/004422 



2 

fee #98^ 11-322649 #&*"Ctt#«:itt2£T&£ h'JX 

fgBJ!<Z>ilif ^ 

20 i^lM§fe©ir^5. 

-«!5£ (1) 

Ar 
I 

O Ru-X 
» / \ 
R 3 -S-N NHR 4 

O ^ ^ 

25 R 1 R 2 



WO 2005/092825 



3 



PCT/JP2004/004422 



R 3 «, A°-^;i/^-D T)V^r)Vm, til^tbT^T 

Arte, Btl^tLTV^Tfei^^Ot^T^D, 

^^r^m ) 

-fl£5£ (2 ) 

Cp 
I 

O M -X 
R 3 -S-N NHR 4 
O ^ 

R 1 R 2 

( — K5£ (2) R'RDCR 2 «> IrI — T^oTfeSUt^^oT^T 



WO 2005/092825 



4 



PCT/JP2004/004422 



jUR^R 1 1 R ICS: o If « 5 ftfc^ilf I < feWm&& 

io ^F^Ki^^to ) 

^©Mfe fc^oT^, UPBE7]cmT-T:^ h y (Dimmit ifiWfff & 

— flgxt; (i) xte (2) ©R l RtKR 2 t^tt§T;v^;i-*<h 
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JI/S, 5, 6, 7, 8-Th7tFo-l-t7^JH> 5, 6, 7, 

8 -5^7t fd- 2 — ^:7^;p*fc£#*pwr&ns. £fc> s^*£ 

15 - x 3 , 5 -y^^JP7xx;l/S^ 2 , 4, 6-FU 

^^71-^2, 4, 6 - h 'J V 7° O k° ^ 7 x X © 7 ^ 

^M^ft§7x^Jl/S, 4 - 7 JV^tU 7 x. -JIM'P 4-7DP7X 

-;i/S«OAny>f|j|XStt5 7in;n, 4 h + ~>7x^^ 
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15 h u 7 ; i^t d ^ 37 > x ; i/ * > $ h « ^ ^ ^ ^ 5 n § o £<z>5^, x 
ttT$f^L^©tt, 7^/^*, ±i:**, a <7ii^^©An 

— jR5t (1) Xte (2) R', R 2 RDCR 3 «, [WI — Tr&oT 
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£ <fc * bv> . — *S!5£ (l) T?fc£;^x<?Af;i> — (2) Tten 

y7AX»-f U v^AK: 2 ^ia&f T*5X?l/>^7$ (R 
3 S0 2 NHCHR'CHR 2 NHR 4 ) ^IBfi bT^5 ^ t ^ 6, R'~R 
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7xn;i/) ft 7,7 4/] -l, l if t7?;H . 2, 2'-tfx 
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5 xX;i/3frX:7^y) X ^ > ) % DEGPHOS ( 1 - M ft - 3 , 4-tfX 
(i?7x-JP*7;7^y) tfnU> ? >) > DIOP(2, 3 --f V7°Dtf 
U-x>-2, + 4-tfX ( (y7xZJ|/^X7^f 

7) 7~?» , SKEWPHOS ( 2 , 4 - tfX ( V s 7 x X ;i/ 7 / ) 
<>^>) > DuPHOS (Sft-1, 2-tfX (*X*^7) ^>if>) > 
10 DIPAMP ( 1 , 2 - tf X [ ( o - 7 h^is? xx;i/) 7 x X^/frX 7 -f 
y ] X ^ >) , NORPHOS (5, 6 - tf t; ( >> 7 x x;|/* X 7 / ) - 

2 - y >) , prophos (l, 2-tfx (y7 x 7 >r 

7 ) 7° P A 0 > , PHANEPHOS (4, 1 2-k'X (i?7i-JV*7;7^ 
7) - [2, 2' ] -J\^is7 U7 r >) , fi-2, 2'-tfX 
15 7x-WX7^f/) -1, l'-tftfU^» ^i'^^tl^, 

— jKS: (3) 0R 9 ~R 12 (ife^§^{t:7KSStLTtt, MxJ£y^ 

x^;pg, 7°nh';H, Ay^H^t'o^ili ~i o <z>#Hfc 

20 i/, /\ntf>m^, xhp, y77S^®^§ sns^tofii^f 
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10 2 - W\^D->z?T^ DAIPEN ( 1 -"T V 7/P tf;i^- 2 , 2- 
(p-^F^y7i-W X5P]/>y?X^>) „ 1. 2-->^U^\y° 
^>y75X 2, 3-y^W^>^75X 1-^5=-;^- 2, 2 
-i?7i-;H5 i l/>5?75>, 1 -'f V "7°n tf ;P- 2 , 2— y7x- 
jHfl/>^75>, l-^^;V-2, 2-5> (p-^ h^y7x- 

15 X?k>y7^>, l-X5P;P-2, 2 (p h^->77^X 

Ify>>?75>> 1-7I-JP- 2, 2-5> ( p - h =^ :7 oc 
x;iO Xfl/>y7$ >> l-^>> ? ;i/-2, 2-y? (p-^h^^T^ 
x.-)V) X^l/>e^T^ l-^V7fJl/-2, 2-^(p-^h^ 
y7xXJl/) X?l/>^75 >&<H>WJ^£*U ^©5^DPENX^D 
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7$y^>^W ^vX, (2, 6 h^->^>VW;P) 

(2, 4, 6 - h u -r y 7'n tf;v^> y-r;v) ^>-x, 1-^:7 
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JV*M7 5F) , N-^^HnUK>, D M S O ^JlXJl^ 
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20 ux ( b u x^ >) ;p^x^a^o^7;x^ >^@H^b^i 

25 te&^o M^-H COMPREHENSIVE ORGANOIMETALLIC CHEMISTRY E 
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y^7Jl/n-Jl/fei:©7il/3-MgI, Tth-hUJK D M F > N 
15 -^f;i/k°D'J F>^DMS O&cH^^njgC? £^M$l}§$£;fc£>& 

:£fgBJ(Dfil 1 ~fg 3 Tte, -ira (1) - (3) T*$n^^iSit#: 

iDlff^l^, K{fJlllt I^tt^#It§<!:- 5 0 - 1 0 0 t©l 
HTff "5 £ - 3 0 — 5 0 °C(D^HTff in <h ffitt? ^ U < > 

2o~5 0 vomm^ff 5 £ t*t«fc b^. HJSB#W»SJ^»K?^ 
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£fc> 2Wf£X=x H^^HX (Hi«75F^#::H 

X= 1 . 0:0. 5-1. 5^;i/S») fcS (1) Xte (2) © 

x^y — ;k 2 - yn a° y — 2 - 2 - y n/\° y — ;k 
2 2 --7^7 — )VUE(DT )Vu—)V^mWk^ Th7hFD7 

15 ^> (THF) , ylfJVX-fJ^^OX-fJ^ils DMSO, 
DMF, T-fe hX h U^©AfOjgftfi«^t^j|i?X«ftI 

cine. ©@ttM©5 r )vn—)v$km 
^bj©i i~^3T«i$n§-K (i) ~ (3) -cssns&r 

(SttSS, CteMSD £Si-£T££> S/C/5U0-100, 00 

ooftBTi^s^t^t, 5o~io, o o o (Dmm~cm^z> ZL t. 

25 )0WSb^. 

^mmom i ~m 3 (DKjfozk^izfe, mcisct, iixntit 
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16 



RthU^A, M^ni/DA, Mi^'J^A^ Hit* 

JVzy^A, 7 h ? 7xn;i/3f?^BfeU 3^A, ^ h ^ 7 x — ;V j}s h 
U^A> fh77x^t)f'7^i/')A > *i^Th77x^J^ 

io if#:fc^bT 1 — 1 0 0 0 ^EJV^mWilMLTir h > (DfoMfcKfo 

o o ^^Mtaffl^* ci hi>m& bvi. 
*siK©^i —^3 fc^w-s— jRaS (i) ~ (3) -es^n^^sit 

t^fnfc (R) f*X« (S) frCDViWtlTi 

15 5^t^t§!)07?*5. z:ne>© (R) #:X« (S) #ontn*> 

SIKtSiltCkt), RffH-r^ (R) f*Xte (S) #:0^^flH4T;U 
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» &7km4ti>T^u7 4 >B&x. -teals' >&&&m~t zyt^mfe 
-rn 2 cdimhk 13(1 mc<^r hy-^^xDmmi^m-tmscomm 

|WfD< dr h >{k&yo<Dmm&i%:Tm 5 CD IK KHI, |w[D<^h> 
20 7 CDtM^I~ecfe§o 

T co ^ISSM ic <£ -d X PS^ £ n £ © Tr fcfc ^ <. 
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%m^fro NMRH JNM-LA4 0 0 (4 0 0MHz, 

S^JNM-LA 5 0 0 ( 5 0 0 MHz, B^S^&SD £ 
JB^TiHlJtUfc. 'HNMRttfh7^fiVy7> (TMS) &F*3gB& 
5 SfMf&SUdflH^ 31 PNMR«8 5 % U >»&^fiBflH*P»RKlMV^ 

£>©ff^£<5 = 0 (5 tefls^? h) tLfe. T^ffcSteU ^X^DY 
h^^^Y- (GO XfiiSSjtttflc^a^h^:^ — (HPLO \z 
iDISlfc. GCtt Chirasil - DEX CB (0. 25mm X 25m, DF = 0. 25 
U m) (CHROMPACK tl) Sffl^Titb, HPLCi^7JHb^ 
10 ^7>illffl#^A (^-f -fe;i/%hM) ^ffl^TitLfc. JbfE — 

(1) (D&mmVfteteftl-XM Angew. Chem. , Int. Ed. Engl. Vol.36, 
p285 (1997K ±|B-^5£ (2) J. Org. Chem. V 

ol.64, p21 86 (1999) . _hIB — (3) <D&m&Hfcfe£:%\1Cffi. Angew. 
Chem., Int. Ed. Engl. Vol.37, pi 703 (1 998) Organometallics Vol.21, 

15 P io47 (2001) \zmnznfr^m\zmcT£r!$vfr 0 
immm 1 ] 

4-7 x.—)V- 3 2-*><D&m{bR]ft\Z£Z> (S) -4 

-7X-JV- 3 2 — jKD-a-^M^^Tfc^-Tc ;i/-x-- r> 

A It {* RuCl [ (S , S) -Tsdpen] (p-cymene) ( 1 . 6 mg, 0.0025 mmol) & 5 0 mL 
20 ©Xt> h ^ l/-^fcf±jA^, 7iM>IIl/fe. 4-7x. 

3 -7^>- 2 -3r> (0.291mL, 2 mmol) > *7/ — )V (5m 
L) ^^iPU, 7jc^T?JPBEm, 50flUc, 7K^^r50mj±^Ttt:jA^ 

sjs^i^bfco 3o°cTii0t muw^ fcm&jj%'&EEizmisrz.o 

«©'HNMRtHPLC»^ 90% ee CD (S) - 4-7 

25 3 2 -3r— ;i/^63%iK^T^^bTV^ 0 Z-Z\7:(D)V 

AMfcvmmte. tEfrz&mm^, y=.-t>^m, y/5>ifi 
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^> rv-^fitt?©!^^ d i l/fc (TfB5£ (4) . 



[Jfc«W 1 ] 

immm 2 - 1 0 ] 

illt, (s) - 4 - ^oc-;i/- 3 - y^y- 2 -3r— j^^bfco 



^ (4) 



Ru CI [(s, s) — Tsdpen] (p — cymene) 
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20 



10 



15 




► 




mm 


chiral Ru cat H : 


2 (atm) 


yield (%) 


ee (%) 


config 


2 


RuCI[(S,S)-Tsdpen](p-cymene) 


9 


18 


81 


S 


3 


RuCI[(S J S)-Tsdpen](dmb) 


50 


32 


91 


S 


4 


RuCI[(S,S)-Tsdpen](mesitylene) 


50 


100 


79 


s 


5 


RuCI[(S,S)-Tsdpen](teb) 


50 


61 


91 


s 


6 


RuCI[(S,S)-Tsdpen](durene) 


50 


29 


71 


s 


7 


R uCI [(S, S)-Tsd pen] (pm b) 


50 


30 


89 


s 


8 


RuCI[(S,S)-Tsdpen](hmb) 


50 


78 


88 


s 


9 


RuCI[(S,S)-Msdpen](p-cymene) 


50 


78 


88 


s 


10 


RuCI[(S,S)-(5,6,7,8-tetrahydronaphthaIen 
e-2-yl)sulfonyl-dpen](p-cymene) 


50 


69 


91 


s 



Conditions: chiral Ru cat 0.0025 mmol, CH 3 OH 5 ml, S/C = 800, temp 30 °C, time 11 h, 
[ketone] = 0.4 M, dmb: 1,4-dimethylbenzene, teb: 1,3,5-triethylbenzene, 
durene: 1 ,2,4,5-tetramethyl benzene, pmb: pentamethylbenzene, 
hmb: hexamethyibenzene. 



11-19] 

20 mm i tmc^-vKat^mmvT. (s) - 4 -y^-jv- 3 



25 
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21 



10 



15 




OH 



► 

in EE* St. y^y— ;u 






additive 


temp, °C 


yield (%) 


ee (%) 


config 


11 


- 


50 


50 


87 


S 


12 a 


- 


30 


27 


75 


S 


13 6 




30 


33 


88 


S 


14 


NaCI0 4 
0.125 mmol 


30 


88 


92 


S 


15 


L1CIO4 
0.125 mmol 


30 


80 


92 


S 


16 


KCIO4 
0.125 mmol 


30 


64 


92 


S 


17 


BaCI0 4 
0.125 mmol 


30 


69 


93 


S 


18 


NaPF 6 
0.125 mmol 


30 


75 


90 


S 


19 


NaBF 4 
0.125 mmol 


30 


77 


93 


S 



Conditions: [ketone] = 0.4 M in CH 3 OH, RuCI[(S,S)-Tsdpen](p-cymene) 
0.0025 mmol, S/C = 800, H 2 50 atm, time 11 h, solvent 5 ml, 



[ketone] = 0.1 M, "[ketone] =1.0 M. 



20 immm 20-26] 

1 km CMtgJS^tlbt, (S) -4-7i-ih3-^>- 



25 
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in(±7KI 






$| chiral Ru cat 


solvent 


additive yield (%) 


ee (%) 


config 


20 


RuCI[(S,S)-Tsdpen](/>cymene) 


CH 3 OH:H 2 0 
= 99:1 


NaCI0 4 
0.125 mmol 


79 


89 


S 


21 


RuCI[(S T S)-Tsdpen](p-cymene) 


CH 3 OH:THF 
= 80:20 


NaCI0 4 
0.125 mmol 


53 


93 


S 


22 


RuCI[(S,S)-Tsdpen](p-cymene) 


DMF:H 2 0 
= 80:20 


NaCI0 4 
0.125 mmol 


37 


92 


S 


23 


RuCl[(S,S)-Tsdpen](p-cymene) 


CH 3 OH 


NaCI0 4 
0.025 mmol 


68 


92 


S 


24 


RuCI[(S,S)-Tsdpen](p-cymene) 


CH3OH 


NaCI0 4 
2.5 mmol 


64 


92 


S 


25 


RuCI[(S T S)-Tsdpen](mesitylene) 


a CH3OH 


NaCI0 4 
0.125 mmol 


69 


90 


S 


26 


RuCI[(S,S)-Tsdpen](mesitylene) 


b CH3OH 


NaCI0 4 
0.125 mmol 


90 


94 


S 



Conditions: [ketone] = 0.4 M, chiral Ru cat 0.0025 mmol, S/C = 800, 

H 2 50 atm, temp 30 °C, time 1 1 h, solvent 5 ml, a S/C = 2000. b S/C = 2000, H 2 100 atm. 



immm 2 1 1 

1 --o^v xD7kmitfcjfoiz cs) --r jvcd&j&mz: 

5 KTt^to JI/t^ ^ A RuCl [ (S, S) -Tsdpen] (p-cymene) ( 1 . 6mg, 0 . 
0025mmol) t l-< >^/> (330 mg, 2.5 mmol) £50 mL ©Xf> 

kxit- h # i/-yfcf±^A^, T;vn*>e^bfe, — )v (5m 

D £isinb, zfc Pit T traffic 5HIlfc 0 7jc^S50^j±^7rf±ji^- 

10 tO'HNMRtHPLCM^^ 98% ee 0) (S) --f>^V— 
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imnm 28-31] 

y-J^^bfc. M^^*4 \z^ htbXTF-t o 

5 «4 

O OH 





J chiral Ru cat 


solvent 


H 2 (atm) 


yield (%) 


ee (%) config 


28 


RuCI [(S, S)-Tsdpen] (mesityl ene) 


CH3OH 


50 


89 


98 S 


29 


RuCI[(S,S)-Tsdpen](mesitylene) 


C 2 H 5 OH 


50 


20 


76 S 


30 


RuCI[(S,S)-Tsdpen](mesitylene) 


CH3OH 


100 


86 


98 S 


31 


RuCI[(S,S)-Tsdpen](mesitylene) £ 


1 CH3OH 


50 


98 


98 S 



Conditions: chiral Ru cat 0.0025 mmol, solvent 5 ml, S/C = 1000, temp 30 °C, time 1 1 h, 
[ketone] =0.5 M. a 24 h. 



immm 3 2 ] 

a-^DD7t h 7:t / >©jfc^flsK&£J;5ft36*&t£ 2 n n - 
1 - 7 x~)VX.5? / -^©-g-^M^J^T^^f o )Vr~yj±mfc RuCI 
10 [ (S, S) -Tsdpen] (mesitylene) ( lmg, 0.001 6 mmol) ta-^nD7th7 
x / > (247mg, 1. 6mmol) £50mL ©Xr>l/Xlt- h ^ ^ — 7*\z{±& 
2^ T )lzl>WWi$:. *$J—)V (3.2mL) £Mnbfc 0 tR iff £ #P BE b , 
5@Ilbfc. zJcm^SOMBE^-eftjA^-SiS^W^bfeo 30°C-e24B#M 
SJftffi#£SJE^ML, 4^0'HNMRiGC»^ 9 
15 8% ee © (R) - 2 - ^ n D - 1 - 7 x. / — 00 % iR^T? 
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mmm s 3 ] 

1 - 7i-Jl/X^ / -;i/©-&^M^^T(-^To- RuCl 
[ (S, S) -Tsdpen] (mesitylene) ( lmg, 0.001 6mmol) ia-^D07th7 

5 rc7>(1 235mg, 8. Ommol) & 50mL <D 7. 5=" > 1/ X M^*— h ^ ]/ — ^ fcffc 

r;i/^>tti^ ^^7— ;i/ d6.0mD £»nbfco 7jc^^in 

J£b, 5IHSmbfco 7fc*&100»JBE*7?tfcji*.KJS*l8ii6bfc. 30=0 

97% ee © ( R) - 2- ^DD-l - 7x~jH^ 7 — ;Uj&*85 
10 ^JRJpTfW&nT^S C L&fofr^fco 
[HJfiM 3 4 - 4 0 ] 

2 (hl^C^f^TS^^^JibT, (R) - 2 -2 n n - 1 - 7i-;i/X 

15 



20 



25 
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25 




10 





IJ chiralRucat 


S/C 


H 2 (atm) 


yield (%) 


ee (%) 


config 


34 


RuCI[(S,S)-Tsdpen](p-cymene) 


1000 


50 


48 


92 


R 


35 


RuCI[(S,S)-Tsdpen](mes itylene) 


1500 


50 


100 


98 


R 


36 


RuCI[(S,S)-Tsdpen](mes itylene) 


2000 


50 


88 


98 


R 


37 


RuCI[(S,S)-Tsdpen](mes itylene) 


2000 


100 


100 


98 


R 


38 


R uCI [(S, S)-Tsdp en] (mes itylene) 


3000 


100 


100 


97 


R 


39 


R uCI [(S, S)-Tsdp en] (mes itylene) 


4000 


100 


96 


98 


R 


40 


R uCI[(S,S)-Tsdpen] (mes itylene) 3 


5000 


50 


46 


97 


R 



Conditions: chiral Ru cat 0.0016 mmol, solvent CH 3 OH, temp 30 °C, time 24 h, 
[ketone] = 0.5 M. a 15 h. 



15 immm 4 1 ] 

1 - 7 J — ;i/©-&jEdSM*£ATfc^*r- JV^-V&mifc Ru[(S, 

S) -Tsdpen] (p-cymene) t. HBF*fr &ilS&n&ttiK&JBv>, ;* ^ / — )V/ 
t -7^)VT )VU—)V 1 : 1 S^^^*Z?50atm ©7jc^|JES^ttTSJ6B 
20 S^JfiSbfcJU^Kltt. I^JSM 3 2 £HC&#Tr£J&£^JI£bT, 95% ee 

© (r) - 2 - ? uu - i - 7i-;n^ y — ;i/^iR^ioo%i?#feo 

[££J60»J4 2 ] 

1 - 7x-;i/X^ / — )V<D&i&m%:)zkT\Z.7F-To )V"r~*7 2±mVf CpRhC 
25 1[(S, S) -Tsdpen] (Cp : ^ > 7 * ^ 7 U ^ > 7 5? X >) ^i«tb 
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26 



IT, 93% ee© (R) - 2 - 2? n U - 1 - 7 a: - )VX.& / — ;i/£JR4S4 

(TIBtC (5) o 
5 5£ (5) 




15 

3] 

2-^nn-i - (p-^h^r->-7a:-;v) x^ /_ /£M £.^T 
^to ;i/-^X^ASt#: RuCl [ (S , S) -Tsdpen] (mesitylene) ( 1 mg, 0.0016m 
20 mol) £ a - 9 D □ - p - ;* h^^Tir h 7 x 7 >(1477mg, 8. OmmolK 
NaC104 (lOmg, 0. 08mmol) £50mL ©X t=- > l^Xlt- h ^ U — 7*\Z&& 

7J^>lit, y^/-;i/ (i6.0mD ^^inbfeo tK^^jpe 

5HfB^bfc 0 7K3it£100mffi£Tf±&^H/S£li§£6bfc o 30^7:2 
25 £>, 98% ee ©(R)-2-^UD-l - (p-^ is7 ^~)l>) / 
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4] 

~F tk 1~ 0 7> 5^ ~ «7 A if f£ RuCl [ (S , S) -Tsdpen] (mesitylene) ( 1 mg, 0.00 
5 16mmol) ta-^pn-p-7Dn7th7x;> ( 605mg, 3. 2mmo 
1) , NaC104 (lOmg, 0. 08mmol) £ 50mL UXU^T— h Z U — ^lZ 

Y )l^>mWfe. *&S~-)V (6.4mL) £»0D7c o 7K*^J)P 
JEfcb, 5®«mb7t 0 7Km^l00^J±^T?f±jA^SjS^liMbfeo 30°C 

10 *Ff^ 95% ee © (R) -2-/7DD-1- (p-^DD ^ 

^dy; >©7j<StteM^k:<££^^gf£4 a v y -;i/CD^^M & 
^Tfc^to T;V=f>T> 5 OmL OXf>V^St — hi 7 V" — ^fcl-. Ru 
15 CI [ (S, S) -Tsdpen] (mesitylene) ( 1 . Omg, 0.0016 mmol) %i±&/vfc 0 ZLtl 
IC4-^DT;> (474m g, 3. 2 mmol) , * $ J — )\> (6.4mL) 

fc§}L7Co 30 c CT23B#r B 1Jt^^, R J^ffiTJ * 3fBE \Z M b . ^J^^CO'H 
NMRiHPLC^tff^S, 91% ee © (S) - 4 - ^ D ^ 7 — ;i/^l 00 
20 %JR$t^filUT^fco 
6] 

RT^tkTo T;l/=f>T> 5 OmL 0Xf>l/7S^- h2 U~7*\Z, Ru 
CI [ (S, S) -Tsdpen] (p-cymene) ( 1 . Omg, 0.001 6mmol) * it & fa fc . 21 tl 
25 C4-7DT/> (474m g, 3. 2 mmol) > ^^7— ;V (6.4mL) 

job, 3fc*T?iDjBE«* sma&bfc. 7j<st£5omjE£3;Ttt&^Rj&£ii 
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NMRtHPL C##T3&*6>* 97% ee © (S) - 4 - £ DT/— ;i/#t85 
C^SSM 4 7 ] 

^TiCSt. T;Prf>T> 50mL ©X^>l/X^^-" h^l/-^fc, Ru 
CI [ (S, S) -Tsdpen] (p-cymene) ( 1 . Omg, 0.001 6mmol) > NaC104 ( 1 Omg, 
0. 08mmol) &&%±Ajf£ 0 Z\fLlZ 4 - ? S > (1185m g, 8. Ommol) , 
(16mL) SiJDU, ^K^TfiJPffi^. 5[af»$|bfc 0 

felzmVfco MCHNMRtHPLCM*^, 97% ee © (S) 

[IMI4 8] 

3' - t Fn^v'Tt h^^y >®**^RJiSfc:<kS3t^tt (3' 

50mL ©Xf>l/Xit"b^l/-7 , H, RuCl [ (S, S) -Tsdpen] (mesitylen 
e) (0.93mg, 0.0015mmol) , NaClC-4 (9. 2mg, 0. 075mmol) &&&/ufc 0 
£ tl \Z 3 ' -kHn^y7th7x/> (613m g, 4. 5mmol) , y ^ 
7— ;p (9mL) £Mnb. zK^Tinffim> 5 0fltfc o zKlt^lOO^ 
20 JBESTttji^SjiS&WMUfco 30 < CT20Bf r*m£M£> KJSffi* £3?BEfc 
Sbfeo 4fiEi©'HNMRtHPLC^|f*^, 98% ee <£> 
(3' - fc F U^-iyy oc -;!/) x^ y — )V^9S%Wv^mvx^r^ a 

imnm 4 9 ] 

5, 6-ytFn-4H-fi;[2, 3 - b]^^"b°^ >- 4 -^-> 
25 -7, 7 -$^^> HCDTK^-fbRJ^^cfc^^^^ffi 5 , 6-ytHD- 
4H-fi;[2, 3-b]?tK7>-4-tHn*«>-7, 7-*?* 
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+ ^ F©^«§]^TH*t. T)Vzl>T, 50mL (D > U XM^ — 
h & U — y'lZ, RuCl [ (S , S) -Tsdpen] (mesitylene) ( 0 . 9 3 mg, 0.0015 mmo 
1) > NaC104 (9.2mg, 0. 075mmol) £tt fc o Z.ti\Z. 5 , 6-ykF 
D-4H-fI/[2, 3 - b]^^-tf^ >- 4 7 , 7-v^^ 

5 5/ K (45 5m g, 2.2 5mmol) > ;P (2 2.5mL) £MQb, zK* 

TJDJE^ 5Mg|Lfco 7jc||t£l00^JEE£Ttt&^SJ&£lffiMb;fc„ 3 
VC-CimmWtW'i%L, SJ^ffi^^mjEE^Mbfco £ift©'HNMR £ H 
PLC frffifr 5 , 98% ee © (S) - 5, 6 -y t Fu - 4H-f 1/ 
[2, 3 - b]^^tf ^ >- 4 - t: H 7 , 7 - ~> F #*100 

10 %JK3&T?£j&bT^fco 
[HJfi^l 5 0 ] 

Tir h— ;i/©7K*<fcSJiSK«fcS^^tt 1 , 2 -7°DA>yt-;KD 
-a-^M^rJ^Tt^To T;Vrf>T, 50mL CDX^ > l/Xlt- h ^ l/ — 
"7* RuCl [ (S, S) -Tsdpen] (mesitylene) (0.9 3mg, 0.001 5mmol) » NaCIO 
15 4 (9.2mg, 0. 075mmol) &tt&/ufz a ZLtl\Z7±.h— )V (111m g, 1.5 
mmol) > 7^/ — )V (3.0 mL) £»nb, zk * ill JEE 5[HfiJ^b 
fee *5ll&100&JEf:Ttfc&»£j£&rai&b;&:. 3 0 "C T?l 7 B# Pel it 
SJSff^J^tlEHIbfco 63 
% ee © (R) -1, 2 -^D/O^t- ;i/^97% JR^T 4)$bTUrc, 

20 immm 5 1 ] 

JKD-£if$M&SX~FlZ.^<-$- 0 T;i/3*>T> 50mL ©Xf >I/X|t- 
h # — RuCl [ (S , S) -Tsdpen] (p-cymene) ( 0 . 9 5 mg, 0.001 5mmol) ^ 

NaC104 (9.2mg, 0. 075mmol) &l±&/vfc 0 Z.tl\Z2, 3 -~7*7 >i?^> 
25 (12 9m g, 1.5mmol) , * 5? J — )V (3.0 mL) £r3siJPb, 7.R it T 2JP J£ 
5lHie^Lfeo Tkm^SO^ffi^-rttaA^^jS^^^bfeo 30°C^18 



WO 2005/092825 PCT/JP2004/004422 

30 



##rfr<£>, (S, S) -2, 3 — ;V)&U7%JMST&JfcUT 

C^JfcM 5 2 ] 

5 4 -7x-JP- 3 -7*^>- 2 -;t><Z)7jc?if'fbSJfcfc:<fc"5 (R) -4 

- 3 - y^>- 2 -t-ji/O^Ml^^Tfc^t. 

Aitf* RuHCl [ (S) -tolbinap] C(S, S) -dpen] (lmg, 0. 00097mmol) £50mL 

3 2 (0.283mL, 1.94mmol) , )V (1.9 

10 mL) £S§inb, 7jcm^»i±b»^bfe (5HI) o 7jcm^9mffi*Tttji 

^sjs^ps^bfeo zo°c~r:\mmm.w&, fcjfcmu&igmzmv^ 

f OIHNMR tHPLCtiD £j&#n?$>£ 4 - 7 :n~;l/- 3 - ~? 3~ 
>- 2 74% ee © (R) - 

4 - 7 m ~ 3 2 ;^65%JK*-r£j&bT^fc 0 ft 

15 £5, d <D)V<t~ u Aiif^oDSIB^ £^ S^MHC^ TkStJM^ T — sf- 
>ttS, yj}sX7^ >IBf£^ y75 >M2f£T©MK:M-<T& 3 (TIB 
55; (6) #BI) o 
5£ (6) 
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5 




immm 53-54] 

)V 7 s - — V A mfc RuHCl [ (S, S) -tolbinap] [ (S, S) -dpen] ^WtLTlV^ 

6 Sd^T o 
15 * 6 



0 




OH 




















Mti&ffl chiral Ru cat 


temp, °C 


additive yield (%) ee (%) 


config 


53 RuHCI[(S)-tolbinap][(S,S)-dpen] 


50 


100 75 


Ft 


54 RuHCI[(S)-tolbinap][(S,S)-dpen] 


30 


NaCI0 4 96 75 
0.05 mol 


Ft 


2 a RuH(BH 4 )[(S)-toIbinap][(S,S)-dpen] 


30 


NaCIO A 2Q 76 
0.05 mol 


Ft 



Conditions: chiral Ru cat 0.001 mmol, CH 3 OH 2 ml, S/C = 2000, time 11 h, H 2 9 atm, 
[ketone] = 1.0 M. 
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[Jfc*fc0«2] 

JVr~VJ±mfc RuH (BH*) [ (S, S) -tolbinap] [ (S, S) -dpen] £ ft j£ £ b T 

m^r* 6 !3to 
5 [ft$£M3] 

;U 5=- n A m RuCh [ (S) -tolbinap] [ (S, S) -dpen] ( 1 mg, 0.0009 7mmo 
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